Patulin contamination is a severe issue that restricts the development of the 18 global fruit processing industry. Yeast adsorbs patulin more effectively than other 19 microbial adsorbents, and this adsorption process mainly depends on the function of 20 the cell wall. Additionally, exogenous calcium ions aid in yeast cell wall formation 21 according to reports. Therefore, in the present study, the effect of exogenous calcium 22 concentrations on the cell wall structure and the patulin adsorption capability was 23 studied. We showed that the ability of the yeast to adsorb patulin was strengthened 24 with an increase in exogenous calcium concentrations between 1×10 -4 -1×10 -2 mol/L.
β-1,3-glucanase. Next, β-1,3-glucan insoluble chains were generated by cross-linking 70 with chitin catalyzed by β-1,3-glycosyl transferase [12] (Figure 1 ). Some research 71 indicated that adding an appropriate amount of calcium ions during the yeast growth 72 process promoted β-1,3-glucan formation and the activity of β-1,3-glucanase, 73 thus predicting that it may be associated with calcium signaling pathways [13] . Since 74 calcium ions play a critical role as intracellular messengers in eukaryotic cells, they 75 could allow the activation of the target protein calcineurin (CaN), which carries out 76 multiple functions, including cell wall formation [14] [15] [16] . Nevertheless, the manner in 77 which exogenous calcium influences the patulin adsorption capability of the yeast cell 78 wall and the specific relationship between them have rarely been reported. 79 To explore the relationship between the exogenous calcium concentration and 80 patulin adsorption capability of the yeast, this study aims to 1) verify the effect of Yeast cells were cultivated in yeast extract peptone dextrose medium (YPD 97 culture medium: glucose 2%, peptone 2% and yeast extract powder 1%) at 120 rpm, 98 30°C for 24 h. After cultivation was activated, yeast cells (5% inoculum size) were 99 inoculated into calciferous YPD culture media with exogenous calcium concentrations 100 ranging from 1×10 -4 mol/L to 1 mol/L (120 rpm, 30°C for 24 h). After calcium 101 cultivation, the cells were collected by centrifugation and washed twice with sterilized 102 water. To analyze the yeast cell biomass (g/L), the cells were collected from 1000 mL 103 6 of cell suspension and weighed after being freeze-dried to a constant weight. 104 
Intracellular calcium concentration determination 105
To determine the intracellular calcium concentration, yeast protoplasts cultivated 106 in different amounts of calcium were incubated at 37°C for 30 min with the addition 1,3-β-glucan and 1,6-β-glucan, respectively [17] . A Dionex Bio-LC system (ICS2500, 124 USA) coupled with an ED 50 electrochemical detector was used to quantitatively 125 7 analyze the cell wall carbohydrates. Deionized water: 0.5 mol/L NaOH (3.5: 96.5; v/v) 126 was used as the isocratic mobile phase with a flow rate of 1 mL/min at room 127 temperature. The chitin content was determined using an enzymatic method as 128 described in other reports [18] . experiments were performed three times. After 10 h, the cells were separated by 146 centrifugation at 3600×g for 5 min, and the supernatants were then collected to extract 147 8 and detect patulin [19] . Patulin was analyzed by high-performance liquid 148 chromatography (HPLC), separated by a C18 reversed-phase column, and detected 149 using HPLC connected with a UV absorbance detector set at 276 nm. An acetonitrile: 150 water solution (10: 90) was used as the isocratic mobile phase with a flow rate of 1 151 mL/min at 30°C, and the elution time was 15 min for each sample [20] . The patulin 152 adsorption efficiency (R%) was calculated using the following equation: The calcium ion is an essential element that serves as an intracellular messenger 165 in yeast cells [21] . Adding exogenous calcium during yeast growth contributes to the 166 activation of the calcium pathway, thus regulating cell growth and cell wall synthesis The intracellular calcium had the highest concentration when the exogenous calcium 190 concentration was 1×10 -2 mol/L. This is due to the existence of a calcium steady-state using Golgi/endoplasmic calcium pumps [25] . patulin adsorption ratios increased in parallel with the exogenous calcium 258 concentration that increased within 1×10 -2 mol/L. Patulin adsorption ratios increased 259 from 83.4% to 94.8% in aqueous solution and from 76.2% to 85.9% in apple juice.
260
Subsequently, the patulin adsorption ratios slightly decreased at 1×10 -1 mol/L, with 261 the adsorption ratios 92.5% and 83.7% in the aqueous solution and the apple juice, 
Conclusion

275
In this study, we have shown that exogenous calcium ions can improve the 276 patulin adsorption capability of the yeast cell. This is the first report demonstrating a 277 relationship between the calcium ion and patulin adsorption. Previous studies revealed 278 that the patulin adsorption capability of yeast cells was primarily based on the cell 279 14 wall filamentous network structure, and the adsorption process was considered to be 280 due to the insertion of the free patulin adsorbed into the network pore structure [8] .
281
This peculiar network structure is formed with β-1,3-glucan and chitin, which were 282 controlled by the activities of β-1,3-glucanase and β-1,3-glycosyl transferase [12] . In the target protein calcineurin [24] . Furthermore, the activated calcineurin carried out 294 multiple functions, including upregulating some genes that encode key enzymes 295 associated with cell wall formation [16, 32] . Nonetheless, superabundant exogenous 296 calcium ions posed a threat to yeast cells since a high osmotic pressure glycerol 297 response (HOG) pathway would be activated to respond to the superabundant calcium 298 stress.
299
On the basis of this study, more questions raised require further study. For 
